The daily data of the stock price index and the foreign exchange rate in G7 were utilized for the period between January 4, 1999 and June 30 2015. From the empirical study of Granger causality test in quantiles, there are three main findings. Firstly, there is no long-run significant relationship between the stock price index and exchange rate in G7. Secondly, different types of short-run relationships exist between the two variables among G7 countries. In Canada, Italy, and U.S.A., the relationship is bidirectional, and the asymmetric effect is at different quantiles. In France and Japan, the relationship is unidirectional, from the stock price index to the exchange rate, and the relationship is at different quantiles for the two countries. In Germany and U.K., the relationship is unidirectional in the opposite direction and is also at different quantiles. Lastly, it shows that international trading effects at different quantiles exist in Canada (at high quantile), Italy (at median quantile), and U.K. (at low quantile). On the other hand, portfolio balance effects at different quantiles exist in Germany (at low and median quantiles) and U.S.A. (at high quantile). The study shows neither effect in France and Japan. The empirical findings in this paper have important implications for academicians, international institutional investors, and policy-makers on the G7 markets.
INTRODUCTION
Both the exchange rate and the stock price play crucial roles in determining the development of a country.
Over the past decades, an increasing number of literature have explored the relationship between the two variables Aggarwal (1981) ; Najang and Seifert (1992) ; Ajayi and Mougoue (1996) ; Abdalla and Murinde (1997) ; Ajayi et al. (1998) ; Granger et al. (2000) ; Smyth and Nandha (2003) ; Phylaktis and Ravazzolo (2005) ; Moore (2007a; 2007b); Lin (2012) and Kodongo and Ojah (2012) . However, the literature had reached conflicting conclusions. While some literature stated that there exists a long-run relationship between the two variables (Ibrahim and Aziz, 2003; Kim, 2003) some concluded absence of a long-run relationship between the two markets. Some even found a bidirectional
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and Sohrabian, 1992) and the asset market effect (Frenkel, 1976; Ajayi and Mougoue, 1996) . Dornbusch and Fischer (1980) believed that the fluctuations in exchange rates have direct impact in business profitability and international competitiveness of the firms. In other words, the appreciation of the exchange rate decreases the sales of exporters, their earnings, and thus the stock prices. On the other hand, the importers face lower prices for their products, increase the earnings, and attain higher stock prices. Opposite effects occur when the exchange rate depreciates. When the exchange rate depreciates, the competitiveness of exports increases, so does the input cost of imports (Joseph, 2002) . Thus, generally speaking, depreciation causes positive (negative) effects for export (import) firms and increases (decreases) their stock prices; however, appreciation causes negative (positive) effect for export (import) firms and decreases (increases) their stock prices. Currency depreciation usually has a positive effect on the domestic stock market in these countries (Ma and Kao, 1990) . Hence, the stock prices and the exchange rates should be positively correlated in an export-oriented country based on the international trading effect. Branson (1983) and Frankel (1983) predicted that the innovations in the stock price affect the exchange rates via the capital account. The performance of the stock market may affect the demand for money, with the subsequent changes in interest rates causing the exchange rates to appreciate or depreciate. If the impact of an external parameter influences the stock market to go up, the domestic investors' wealth increases, raising the demand for the currency according to the investment portfolio equilibrium theory. The demand for money then increases and drives the interest rate to rise, consequently absorbing the inflow of foreign capital and causing the domestic currency to appreciate. Thus, if investors are more optimistic toward the stock market of a country, foreign capital investors may then increase their investments in the country's stock market due to the speculative demand, which indirectly causes the appreciation of this country's currency. In short, the portfolio balance effect states that the stock prices and the exchange rates should be negatively correlated.
In contrast to the previous two effects, the asset market effect by Frenkel (1976) supported the absence of any relationship between the two markets. The changes are due to different factors that lead the market of the exchange rates and the market of the stock prices to be fully segmented. However, Ajayi and Mougoue (1996) showed that there are certain factors such as the interest rates which may join the two markets.
The remainder of the paper is organized as follows. Section 2 briefly describes the methodology. Section 3 describes the data and presents the results of the empirical analysis. Section 4 concludes the paper.
METHODOLOGY
Ordinary least squares (OLS) regression focuses on the estimation of the conditional mean of the dependent variable and has much limitation. On the other hand, quantile autoregression methodology can estimate the relationship between a dependent variable and explanatory variables at different specific quantiles. It also provides a broader method in investigating the relationship between current returns and various parts of the lagged © 2018 AESS Publications. All Rights Reserved.
conditional returns, even when extreme values are present (Chiang and Li, 2012) . In particular, it is robust to heteroskedasticity, skewness and leptokurtosis, which are the features of financial data (Koenker and Xiao, 2006) . Therefore, the quantile autoregression methodology was applied for this research.
To avoid the problem of spurious regression, I used unit root tests for the stock price index and the exchange rate: Augmented Dickey-Fuller (Said and Dickey, 1984) 
, where , and t is time trend.
The null hypothesis is That is the series has a unit root. Phillips and Perron (1988) proposed an alternative method of controlling for serial correlation when testing for a unit root. The method estimates the non- , where are optional exogenous regressors which may consist of a constant, or a constant and trend. The null hypothesis is .That is, the series has a unit root. Phillips and Perron modified the t-ratio of the coefficient so that serial correlation does not affect the asymptotic distribution of the test statistic.
If the variables are all non-stationary, the cointegration test proposed by Engle and Granger (1987) would be performed to test the linear long-run relationship between the stock price index and exchange rate. According to Engle and Granger (1987) linear regression model. However, this method only provides the estimation of a median (0.5th quantile) function.
By using quantile regression, each quantile regression characterizes a particular point of the conditional distribution. Combining different quantile regressions together will be more useful, especially when the conditional distribution is heterogeneous. Since the goal of this research is to emphasize on observing various relationships between the stock and foreign exchange markets in G7, a quantile regression model is used to provide more details of the relationship. The model is briefly illustrated as follows.
Assume { } is an iid standard uniform random variable sequence, we consider the following p-th order autoregression process:
, where the are the unknown functions [0, 1]→R to be estimated. Provided that the right hand side of Eq. (4) is monotone increasing in , it follows that the conditional quantile function of can be written as follows:
This can be reduced to (6) ,where and is the field generated by The transition from Eq. (4) to Eq. (5) is an immediate consequence of the fact that for any monotone increasing function and standard uniform random variable ,
,where is the quantile function of . In the above model, the autoregressive coefficients may be -dependent and thus can vary over the quantiles.
Consider the following Granger non-causality test in quantiles:
, (8) ,where denotes the th quantile of the distribution. If (8) holds, then xt does not Granger-cause yt over the quantile interval [a, b] . One can perform the Granger noncausality test in quantiles using the quantile regression method in Koenker and Bassett (1978) . To test for the nonlinear causal relationship from the stock price index to the exchange rate, or the opposite direction, we consider the following conditional quantile function model:
DATA AND EMPIRICAL RESULTS
I used the daily data of the stock price index and the spot foreign exchange rate in G7, and obtain from CEIC Although these two series seem to be negatively related, there are some periods wherein the stock price indices and the exchange rate show positive co-movement. Table 1 shows the symbols of the stock price indices and the spot exchange rates. Table 2 shows the descriptive statistics of data. To solve spurious regression problems, the prerequisite was that the series were stationary prior to estimating the empirical model. In this research, unit root tests were conducted for level and first-order difference of the stock price indices and the exchange rates using the Augmented Dickey-Fuller and the Phillips-Perron tests. Both results in Table 3 confirm that all the variables are I(1). After I obtain the difference, all variables are confirmed to be I(0). Then, the linear cointegration test of Engle and Granger (1987) was used to investigate if the deviations from the long-run exhibit a mean-reverting behavior, that is, whether long-run relationships between the stock price index and exchange rate exist or not. Evidence in Table 4 indicates that the ADF test and PP test fail to reject the null hypothesis of no cointegration at the 5% significance level. These results suggest that the stock price index and the exchange rate are not cointegrated, thus implying that there is no long run relationship between the two markets. Entry in parenthesis stands for the optimal lag length chosen by the SIC with the maximum lag set to be 30. *** Significant at 1%, ** Significant at 5%, * Significant at10%.
Figure-1:
The results of Granger causality test in quantiles are listed in Table 5a , 5b, 5c, 5d, and 5e. The results show that there exists a bidirectional and unidirectional short run relationship between the stock price indices and exchange rates in G7 countries.
In Canada, Italy, and U.S.A, the relationship is bidirectional. The bidirectional quantile causality effects in
Canada are asymmetric at different quantiles: the rising of the stock price index will cause the depreciation of CAD/USD at low and median quantiles and the depreciation of CAD/USD will cause the rising of the stock price index at high quantile. The bidirectional quantile causality effects in Italy are also asymmetric at different quantiles that the rising stock price index will cause the depreciation of ITL/USD at low and high quantiles and the depreciation of ITL /USD will cause the rising of the stock price index at median quantile. The bidirectional quantile causality effects in U.S.A. are both asymmetric at different quantiles. For example, a higher stock price index will cause the depreciation of USD at median and high quantiles, but the appreciation of USD will cause the rising of the stock price index at high quantile.
In other words, the bidirectional quantile causality effects exist in Canada, Italy, and U.S.A. But the three countries have the asymmetric effect at different quantiles. In particular, U.S.A has the asymmetric effect between from the stock price index to the exchange rate and in the opposite direction.
There exists a unidirectional relationship from the stock price index to the exchange rate in France and Japan.
The quantile causality effect in France and Japan shows that the rising of the stock price index will cause the appreciation of FRF/USD and JPY/USD respectively at high quantile. On the other hand, the quantile causality effect in Germany is that the appreciation of DEM/USD will cause the rising of the stock price index at low and median quantiles, but the quantile causality effect in U.K. is the depreciation of GBP /USD will cause the rising of the stock price index at low quantile.
Identically, aforementioned theory finding shows that international trading effects at different quantiles exist in Canada (at high quantile), Italy (at median quantile), and U.K (at low quantile). On the other hand, portfolio balance effects at different quantiles exist in Germany (at low and median quantiles) and U.S.A (at high quantile). Table 6 summarizes the results of Granger causality test in quantiles for G7. Entry in parenthesis stands for the optimal lag length chosen by the SIC with the maximum lag set to be 30. *** Significant at 1%, ** Significant at 5%, * Significant at10%. Entry in parenthesis stands for the optimal lag length chosen by the SIC with the maximum lag set to be 30. *** Significant at 1%, ** Significant at 5%, * Significant at10%. Entry in parenthesis stands for the optimal lag length chosen by the SIC with the maximum lag set to be 30. *** Significant at 1%, ** Significant at 5%, * Significant at 10%. Entry in parenthesis stands for the optimal lag length chosen by the SIC with the maximum lag set to be 30. *** Significant at 1%, ** Significant at 5%, * Significant at 10%.
stock price index and the exchange rate for the G7 countries. There exists a bidirectional relationship and the asymmetric effect is at different quantiles in Canada, Italy, and U.S.A. Besides, there exists a unidirectional relationship at different quantiles from the stock price index to the exchange rate in France and Japan. On the contrary there also exists a unidirectional relationship at different quantiles in the opposite direction for Germany and U.K. Thirdly, there exists international trading effects at different quantiles in Canada (at high quantile), Italy (at median quantile), and U.K. (at low quantile). On the other hand, there exists portfolio balance effects at different quantiles in Germany (at low and median quantiles) and U.S.A. (at high quantile). There exists neither effect in
France and Japan. The empirical findings in this paper have important implications for academicians, international institutional investors, and policymakers on the G7 markets.
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